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Redox II Design and Economics Update 



SUMMARY 

A detailed design and economic update for the Redox II 
ethylene glycol (EG) process shows a moderate (5%) NSR 
advantage over Shell. A more attractive R&D target case 
(higher EG wt%) has a 14% advantage over Shell. These results 
are summarized below for 500 MM lb/yr EG units (1989 con- 
struction, 1990 operation) : 



REDOX II CZ 
Base Case R&D TarSet Shell San Gas 



Raw taterial cost* 

contained EG (a) 39.1 39.1 62.8 22.4 

TFC» $HH 319 278 265 525 

TFC contribution* c/lb EG 19.8 17.3 16.1 48.0 

Raw taterials* c/lb 69.8 73.0 64.3 31.4 

By-products* c/lb 

Glycerine (4.3) (4.3) (20.9) 

Acetone (14.8) (19.3) 

t-Butanol (6.3) (2.1) 

Ethanol (3.0) (10.1) 

Others (4.8) (3.3) (9.0) ■ (8.3) 



Totals (33.2) (39.1) (9.0) (29.2) 

Utilities* c/lb 21.2 17.2 8.5 13.8 

Cat ^ Cheir c/lb 0.1 0.1 1.8 3.8 

ENSR i c/lb EG 79.5 71.3 83.3 71.1 

Shutdown HSR 63.8 (b) 



(a) No bsproductsi Shell 5 70Z effs» others 8 100Z effy 

(b) Shell shutdown NSR as zero cash flow 
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APPENDIX B 
- TBHP ALKYLATION 



- Table B-III: 



- Figure B-l: 

- Table B-II: 



- Table B-I: 



Capital/Utilities Summary 
Process Flow Diagram 
Block Capital Estimate 
Block Material Balance 



Process Description 

T-butyl-hydroperoxide (TBHP) is alkylated with isobutylene 
to DTBP in the liquid phase in the presence of strong acid ion 
exchange resin. Low temperature (70°C) helps ensure resin 
stability, while maintaining rates (30 min. res. time). Excess 
isobutylene (23%) ensures complete TBHP conversion in the plug 
flow reactor. 

Excess isobutylene is removed in a single distillation 
step. Low base temperature of 115 °C prevents DTBP decomposition. 
Product DTBP is immediately cooled and stored for feed to the 
Redox reactor. 
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TABLE B-I 
CAPITAL/UTILITIES SUMMARY 

Block 2 — TBHP Alkylstion 

TFC C1877 MSI): * 9.6 MM 

Units/lb EG 

Electricity? KUH 0.0015 
Steam* lb: S-15 0.06 
Cooling Udterr 2sl 0.3 
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REDOX II // ALK YL ATION--BLOCK 2 
ODD/MAY 13 1981 



**************************** 
* * 

V " SUMMAPY OF"" RESULTS '"" * 

CASE STUDY FOP PLANT CAPACITY TIMES 1.U9 



YEAPs 1981 
MSI= 1877 
BASE M SI= 670 



EQUIPMENT TYPE 
VESSELS 

ATM TANKS 

TOwERS 
XCHANGERS 
PUMPS 

COMPRESSORS 



DELIVFPF.0 

_ equipm^nt_ 

COST 



288.68 

_355 ? 72_ 



ia85.u7 

a 7, i * 

t02.77 

BLOWERS/FANS ~ 0.00 

FURNACE S /BOILERS 0,00 _ 

REFRIGERATION 0.00 
M I SC E L L AN EOljS oV 00 



RL/DEf 
RATIO 



BATTERY LIMITS 
COST 



5.09 
2.55 



5.89 



1.91 
10.75 



MS 
1U69. [5 
850^56 
490.79 

"2830 7oe" 

507.10 



3.46 

0.00" 
O.OO 



0.00 



356.07 

~~~o;o<r 

__.0_.00_ 
0.00 



0.00 



0.00 



*** TOTALS 



23U1.16 



2.78 



BATTERY LIMITS PLUS 20-0 PFRCENT CONT I NGFNC Y IS: 
(CONTINGENCY IS 0 V F P A L L PROCESS AND ESTIMATING) 



6503.75 



780U.UQ 
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3L0CK 2" : TBHP ALK YLATION TO DTBP 



SLOCK STREAM 1 : T6HP/TBA FROM PEROXIDATION 
— FEED STREAM FROP BLCCK 1 ~ 



*** s- 5 *** 

METHANE = 
CRB DIOX= 
HYDPOGN = 
OXYGEN = 
I-8UTANE= 

N-3UTAWES 
I-BUTEAIE= 
REFORMATS 
ACETONE = 



0.000000 
0.000000 
0.000000 
0.000000 
0.248960 
0.414374 
0.000000 
0.000000 
8.550475 



HETHANOL= 
TEUTANOLs 
ETH GLY = 
GLYCERIN= 
TBHP = 
DTBP = 
TETRAOL = 
WATER = 
FORM ALD = 



8.540131 
137.897213 
0.000000 
0.000000 
230.159745 
0.000000 
0.000000 
21.550750 
0.000000 



METHYLALs 
GLYCOALDs 
ETHAMOL = 
CRB MNOXs 
12PROrOL= 
13PRQIOLs 
ME ETHER= 
CYHEXAWE= 
N A HC03 = 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



TOTAL MOL = 457.361648 
TOTAL WGT = 36665.9663 
AVERG MWT = 80.1684760 



BLOCK STPEAM 2 : ISGbUTYLENE FEED 
— RECYCLE STREAM FROM BLOCK 15 



*** S- 9 

METHANE = 
CRB DIOXs 
HYDROGN = 
OXYGEN = 
I-BUTANE= 
^-BUTANES 
I-3UTENE= 
MEFORMAT= 
ACETONE = 



1.407638 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
280.159745 
0.000000 
1.407638 



METHANOLS 
TBUTANOL= 
ETH GLY = 
GLYCERINE 
TBHP = 
DTBP = 
TETRAOL = 
WATER = 
FORM ALD = 



0.000000 
0.042024 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
1.400799 
0.000000 



METHYLALs 
GLYCOALDs 
ETHAiMOL = 
CRB MNOXs 
12PRDIOL= 
13PRDI0L= 
ME ETMER= 
CYHEXA^Es 
N A HC03 s 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



TOTAL MOL s 284.418244 
TOTAL WGT s 15850.7829 
AVERG MWT s 55.7305421 



BLOCK STREAM 3 : RESIDUAL ISOBUTANE PURGE 
~ EXTERNAL FUEL STRfcAM ~ 



*** S- 10 

METHANE s 
CRB DIOXs 
HYDROGN s 
OXYGEN s 
I-BUTANEs 
:l-BUTANEs 
I-BUTEME= 
MEFORMATs 
ACETONE s 



1.407838 
0.000000 
0.000000 
0.000000 
0.208180 
0.222187 
O.OuOOOO 
0.000000 
0.014937 



METHANOL: 
TBUTAMOL* 
ETH GLY = 
GLYCERIN= 
TBHP = 
DTBP f = 
TETRAOL = 
WATER = 
FORM ALD = 



TOTAL MOL s 1.86206386 
TOTAL *GT s 48.9250136 
AVERG MWT s 26.2746165 



0.004782 
0.004138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



METHYLAL: 
GLYCOALD: 
ETHANOL = 
CPB MNOX= 
12PRDIOLS 
13PROIOL= 
ME ETHERs 
CYHEXA.VE= 
NA HC03 = 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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9LGCK STREAM "4 : CTBP/TBA PRODUCT TO REDOX RX 
PRODUCT STREAM TO BLOCK 3 — 



*** S- 11 

METHANE = 
CRB DTOX= 
HYDROGN = 
OXYGEN = 
I-BUTANE= 
N-aUTANEs 
I-BUTENE= 
MEFORMAT= 
ACETONE = 



0.000000 
0.000000 
0.000000 

o.uooooo 

0.0407SO 
0.192187 
0.000000 
0.000000 
9.943376 



MFTHANUL: 
TBUTANOL= 
ETH GLY = 
GLYCERIC 
TBHP = 
DTBP = 
TETRAOL = 
WATER = 
FORM ALD = 



TOTAL <OL = 459.758083 
TOTAL WGT = 52467.8442 
AVEPG MWT = 114.120548 



fl. 535349 
137.935098 
0.000000 
0.000000 

o.ooooob 

280:159745 
0.000000 
22.951548 
0.000000 



METHYLAL: 
GLYCOALD: 
ETHANOL = 
CRB MNOX= 
12PR0IQL: 
13PR0I0L: 
ME ETHER= 
CYHEX4ME: 
NA HC03 = 



0,000000 
0.000000 
0.000000 

o.oooooo 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



BLOCK STREAM 5 : RX STOICH IOMETRY 
— INTERNAL REFERENCE STREAM ~ 



METHANE = 
CRB DIOX= 
HYDROGN = 
OXYGEN = 
T-BUTAMEs 
M-BUTANE= 
I-RUTENE= 
MEFORM AT= 
ACET0?4E = 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
-1 .000000 
0.000000 
0.000000 



METHANOLS 
TBUTANOL= 
ETH GLY = 
GLYCERINS 
TBHP = 
DTBP = 
TETRAOL = 
WATER = 
FORMALD = 



0.000000 
0.000000 
0.000000 
0.000000 
-1 .000000 
1.000000 
0.000000 
0.000000 
0.000000 



METHYLAL* 
GLYCOALD= 
ETHANOL = 
CRB MNOX= 
12PRDT0L= 
13PR0I0L= 
ME ETHER= 
CYHEXANE= 
N A HC03 s 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



TOTAL MOL = -1.00000000 
TOTAL WGT = 0 . OOOOOOOGOE+OO 
AVERG MWT = O.OOOOOOOOOE+00 



BLOCK STREAM 6 : RX FEED 

~ INTERNAL REFERENCE STREAM — 



*** S- 13 


♦ ** 




METHANE = 


1.407838 


METHANOL* 


CRB DIOX= 


0.000000 


TBUTAiJOLs 


HYDROGN = 


0.000000 


ETH GLY = 


OXYGEN = 


0.000000 


GLYCERINS 


I-3UTANE= 


0.248960 


TBHP s 


,'J-BUTANE= 


0.414374 


DTBP s 


I-BUTENE= 


280.159745 


TETRAOL s 


MEFORM AT= 


0.000000 


WATER = 


ACETONE = c 


9.958313 


FOPMALD s 


TOTAL MOL = 


741.779891 




TOTAL WGT = 


52516.7692 




AVERG MWT = 


70.79&31b7 





3.540131 
137.939237 
0.000000 
0.000000 
280.159745 
0.000000 
0.000000 
22.951548 
0.000000 



METHYLAL= 
GLYCOALD= 
ETHAHOL = 
CRB MNOX: 
12PRDI0L: 
13PRDI0L= 
ME ETHER: 
CYHEXANE: 
N A HC03 = 



0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



BLOCK 2 MASS BAL, PROD-FEED WGT : 0 . OOOOOOOOOE+OO 
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